Twenty-three cases of acute spinal cord injury in persons with cervical ankylosis are presented. Certain characteristics of major sub-groups are described:
Introduction
CERVICAL ankylosis is characterised by an inflexibility of the cervical spine. This predisposes the ankylosed spine to fracture with resultant damage to the spinal cord. The forces required to do this may be minor, resulting in a high incidence of spinal cord impairment as a result of low velocity injuries. The spinal rigidity and compromise of the cross-sectional area of the spinal canal may cause damage to the spinal cord even without fracture.
Quoting Heathfield (1973, p. 2) : 'Sudden death in rheumatoid arthritis from dislocation of the cervical spine has been known since the days of Sir Charles Bell (1824)'. The first case of spinal cord injury resulting from fracture of an ankylosed spine was reported by Abdi (1904) . Stiasny (1933) reported the first case of cervical spinal cord injury associated with ankylosing spondylitis and made three important observations: delayed onset and diagnosis, the absence of major neuro logical change and a rapid bony consolidation. Subsequently, a number of cases have been reported by authors such as Bergmann (1949) , Cheshire (1969) , Hollin et al. (1965) , Guttmann (1966) , Symonds (1953) , Hughes and Brownell (1963) , Woodruff and Dewing (1963) , Osgood et al. (1973 Osgood et al. ( , 1975 , Rand and Stern (1961) .
Most of the papers presented in the literature on cervical ankylosis have pertained to ankylosing spondylitis. It is the purpose of this paper to report 23 cases of spinal cord injury associated with cervical ankylosis, examining the charac teristics of three major sub-groups: ankylosing spondylitis, degenerative spondy losis and congenital fusion (non-segmentation), reporting results of treatment, and making certain observations and recommendations pertaining to their medical management. The cases reported were treated in the Southwest Regional System for Treatment of Spinal Injury, established in 1970 in Phoenix, Arizona. Treat-ment was provided at Barrow Neurological Institute, St Joseph's Hospital and Medical Center, and/or the Spinal Cord Injury Service of Good Samaritan Hospital. The authors participated in a primary or consulting role in the manage ment of all cases.
Patients Studied
One hundred and seventy-four cases of cervical spinal cord injury were treated in the Southwest Regional System between I June 1970, and 31 December 1975. Of these, 16 cases had penetrating wounds and have been removed from this study in that they are not germane to the subject. The remaining 158 cases comprise the sample population to be reported. Of this group there were 23 cases with ankylosed spines. Table I describes the distribution by diagnostic group. Calin and Fries (1975) estimate the incidence of ankylosing spondylitis to be 1"4 per cent, based on a control study of supposedly healthy individuals with histocompatibility antigen-HL-A W27. The incidence of co-existing ankylosing spondylitis and spinal cord injury in our study appears to be at least four times the incidence of ankylosing spondylitis in the normal population. Meszaros (1965) reported four cases with congenital synostosis in 74 cervical spinal cord injuries. This incidence (5'4 per cent) is slightly higher than our 3'8 per cent. The normal incidence reported by Reinhold et al. (1959) (quoted by Meszaros) was 0'9 per cent. Shands and Bundens (1956) reported an incidence of 0'4 per cent congenital fusion in a series of 700 children. Brown et al. (1964) report an incidence of 0'71 per cent congenital fusion. Thus, it appears the incidence of co-existing fusion in spinal cord injury is almost eight times greater than expected in the normal population. Brown et al. (1964) report an incidence of acquired spinal fusion of 4'65 per cent. This suggests that the incidence of degenerative spondy losis and spinal cord injury in our study is comparable to the incidence of spondy losis in the normal population.
Methods and Materials
Some characteristics of the sub-groups can be defined by demographic data · such as age, sex and aetiology (Table II) . The sub-groups ankylosing spondylitis and degenerative spondylosis have a significantly higher mean age than the total cervical group. This is consistent with the observation that the vertebral spines of these two groups become more brittle and osteoporotic with age. The con genital fusion group has no apparent difference in mean age from the total cervical group. As would be expected, ankylosing spondylitis occurred predominantly in Bergmann (1949) , Abdi (1904) , Good (1967) , Guttmann (1966) , Rand and Stern (1961 ), Osgood et al. (1973 , 1975 and Woodruff and Dewing (1963) . These observations emphasise the need for a high degree of diagnostic suspicion in cases of even minor head and neck injuries involving a spondylitic.
Mechanism of Injury
Extension is the primary mechanism of spinal injury occurring in persons with ankylosing spondylitis and degenerative spondylosis (Table III) . Our experience is consistent with the observation of authors who have previously stressed this important clinical point. They include Guttmann (1966) , Burke (1971) , Cheshire (1969) , Taylor (1953), Brain and Wilkinson (1967) , Symonds (1953 ), Osgood et al. (1973 , 1975 , Rand and Stern (1961), Schneider et al. (1954) , and Woodruff and Dewing (1963) . All eight of our cases of ankylosing spondylitis had historical or radiographic evidence of an extension mechanism. Eight out of nine cases with degenerative spondylosis resulted from extension. One occurred as a result of axial loading. Of the six cases with congenital fusion, three injuries were caused by Many authors have reported the phenomenon of rapid bony consolidation of injuries to the ankylosed cervical spine. They include Ackerman (1972) , Bergmann (1949) , Cheshire (1969) , Good (1967) , Grisolia et al. (1967) and Rand and Stern (1961) . Our experience (Table IV) substantiates their observations. Removing the cases which were not applicable, seven of our cases became stable within 12 weeks. Three remained unstable. Stability is defined as, 'The absence of any abnormal mobility between any pair of vertebrae, with or without pain or other clinical manifestations, when lateral X-rays of the cervical spine are taken in flexion and extension' (Cheshire, 1969) . It is an interesting observation that, of the three cases demonstrating instability, one had a laminectomy, one had an anterior body fusion and one had a posterior fusion. None of those that became stable had operative intervention. The high incidence of spinal cord injury in ankylosis without demonstrable fracture, as shown in Table IV , is consistent with previous reports by a number of authors (Cheshire, 1969 
Neurological Preservation
The ratio of complete/incomplete lesions in the ankylotic group is essentially the same as the ratio of the complete/incomplete lesions in our total population. Our experience is consistent with that reported by Burke (1971) . It reflects a less favourable prognosis than reported by Rand and Stern (1961) , who summarised 21 cases from the literature finding six complete, II incomplete and four who had no significant neurological deficit. Table V describes the distribution of neurological syndromes in our 23 cases. As would be expected, in that these are predominantly extension injuries, the most common syndrome was central cord (Schneider et al., 1954 )· Ankylosing spondylitis and degenerative spondylosis share a grim prognosis for potential fatality. This is probably related to their common characteristic of representing a more aged population. It appears that ankylosing spondylitis is especially treacherous. Woodruff and Dewing (1963) report a 50 per cent death rate in ankylosing spondylitis. The death rate within 60 days of injury of all our cervical cases was 13'3 per cent. The death rates for the same period for ankylosing spondylitis, degenerative spondylosis and congenital fusion were 50 per cent, 22'2 per cent and 16·6 per cent respectively (Table VI) . More complete informa tion pertaining to our fatal cases is presented in Tables VII and VIII. Summaris ing, these cases reflect an older age group with complete or severe injuries dying Transitory Normal rather late in the post-injury course. All of our cases died primarily of cardiopulmonary complications.
Neurological Change
The uniquely grim prognosis for the ankylosing spondylitic group is vividly portrayed by the neurological changes experienced subsequent to injury. Of the 23 cases in the total ankylotic group, 15 remained neurologically unchanged, three had improvement and five had neurological loss (Tables IX and X). All five of the cases which had neurological loss were in the spondylitic group. Two of these went from a normal motor and sensory presentation to a complete spinal cord injury. Similar horrifying case histories have been documented in the literature.
Clinical Management-Diagnosis
The experience gained from this series of cases compels us to join with other authors in stressing the need for a high index of diagnostic suspicion in instances of even minor head and neck trauma in persons with ankylosed spines, particularly those who have ankylosing spondylitis (Grisolia et at., 1967; Hansen et at., 1967; Woodruff & Dewing, 1963) . Many of our cases and the cases reported by others have occurred as a result of minor injuries, particularly falls. Frequently, there is no neurological deficit following the injury. Subsequently, minor or major spinal cord injury is acquired. Our data support the opinion of others that cord damage is unrelated to the extent of the fracture displacement (Bergmann, 1949; Guttmann, 1966; Woodruff & Dewing, 1963; Taylor, 1951) . One of our cases had complete 
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Management Problems
Almost all of the authors who have reported their experience with cervical ankylosis, particularly ankylosing spondylitis, have emphasised that this group of patients have characteristics which make them extremely difficult to manage. Our experience renders us in complete agreement. Fractures in this group of patients may be extremely unstable. Reduction of the fracture is difficult, if not at times impossible. If achieved, redislocation may easily occur. Good fracture im mobilisation is mandatory. However, this presents another problem. These cases are primarily of an older age group. Prolonged bed rest is an open invitation for the development of serious medical problems, particularly involving the cardiopulmonary, genito-urinary and integumental systems. Internal fixation is hazardous in that these patients are poor surgical risks. Internal fixation is prone to failure due to the marked osteoporosis. Manipulation of the fracture during anaesthesia is a distinct hazard. The high death rate and appalling loss of neuro logical function subsequent to the injury experienced in our series and the ex periences reported by others substantiate that this group of spinal cord injured persons present unique management problems.
Principles of Management
The authors share with Osgood et al. (1973 Osgood et al. ( , 1975 and Rand and Stern (1961) a number of important management principles. As previously stated, we wish to re-emphasise the need to maintain a high index of diagnostic suspicion. We must recognise that these fractures can be highly unstable and require prompt and proper immobilisation. Skeletal traction may be used. We caution, however, as do Ackerman (1972 ), Osgood et al. (1973 , 1975 , Woodruff and Dewing (1963) and Lemmen and Laing (1959) , that the traction must be aligned with the existing kyphos. These fractures are mostly extension injuries. If immobilised in exten sion, further neurological damage, and even death, can occur (Fig. I) . Particular care should be given to maintaining alignment during radiography and surgery. As has been previously pointed out by Osgood et al. (1975) and Woodruff and Dewing (1963) , these are 'long bone' fractures. Excessive traction will cause separation of the fractured segments. This places undue tension on the spinal cord and vertebral arteries possibly resulting in neurological loss or death. Less than perfect anatomical alignment should be accepted if reduction is not easily achieved.
Early mobilisation of the patient is mandatory if serious medical complications are to be prevented. It is our opinion that the need for good immobilisation of the vertebral column, combined with the need for early mobilisation of the patient, can best be achieved by use of the halo (Young & Murphy, 1975; Young & Thomassen, 1974) . The halo permits ready access to the chest and abdomen for essential respiratory procedures. Unless there is marked cervical instability, the vest halo may be used. Freeman (1961) , Kuhn and Garrett (1972) , Rogers (1957 ), Nickel et al. (1968 and Stauffer (1975) have advocated use of the halo. We share with Osgood et al. (1973 Osgood et al. ( , 1975 external fixation for the fractured spondylitic spine. Internal fixation is seldom indicated and is fraught with the surgical hazards associated with these high-risk patients. Further, there is a high likelihood of failure due to the osteoporosis of the ankylosed spine. The one positive and redeeming feature in this group of patients is that they are prone to early bony consolidation and fusion (Ackerman, 1972; Bergmann, 1949; Cheshire, 1969; Good, 1967 , Grisolia et at., 1967 Guttmann, 1966; Rand & Stern, 1961) .
Early and intensive respiratory management is essential. This must be provided by a respiratory therapy team working in close co-ordination with the nursing staff, to keep the bronchial tree free of mucous and to provide proper ventilation. Respiratory management in the spondylitic is complicated by the frequent presence of fibrotic lungs and ankylosed rib cages. Spinal cord injury carries with it the diagnosis of impending ileus. A profound ileus combined with an ankylosed thorax can quickly summate into a clinical crisis. The literature does not adequately emphasise the importance of an integrated, intensive programme of respiratory care in these patients. All medical and surgical decisions must consider the extent to which the decision compromises or complicates respiratory manage ment.
Prevention
Persons with cervical ankylosis commonly suffer low velocity injuries par ticularly in the spondylitic group. Our colleagues in rheumatology, internal medicine and general practice should be alerted to this potentiality (Osgood et at., 1975) . They should caution and instruct their patients to observe such preventive measures as having night-lights in the bedroom, bathroom and dimly lit halls. Handrails should be available in the tub and shower. Persons with cervical ankylosis should be instructed to use handrails when ascending or descending stairs. All should conscientiously use seat belts when riding in an automobile. Above all, they should report all incidences of head and neck trauma to their physician and limit cervical motion until they can be properly examined by their physician. The initial attending physician should take care to obtain cervical films, paying particular attention to protecting vertebral alignment in the process. Such simple measures would significantly reduce the incidence of spinal cord injury in this susceptible group.
Case History
An illustration of some of the principles presented by this paper is described. The patient was a male, age 68, who fell in a dark room on I7 November 1974, hitting his forehead on a table. He had no initial neurological loss. He did have pain in the pos terior aspect of his neck and shoulders. He went to bed and remained there for the next 4 days except for trips to the bathroom and to the dining-room. During the 3rd and 4th day following injury, he began having weakness and paresthesias in both upper ex tremities. He was seen in a hospital emergency room by his physician and promptly transferred to our System. On presentation, he had minimal weakness and sensory impairment in the C6-C7 distributions bilaterally. There were no long tract signs demonstrable in the lower extremities. Bladder function was normal. He was placed in skeletal traction (10 Ib) in the best possible alignment. X-rays taken 26 November 1974 remained unchanged from those taken on admission (Fig. 2) .
During the first 2 weeks following admission, there was progression of weakness and sensory loss in his upper extremities. Ominously, toward the end of the 2nd week, weakness appeared in his right lower extremity along with sensory impairment in the left lower extremity. The reflexes in the lower extremities became hyperactive with bilateral up-going toes. There was loss of bladder function.
Along with these neurological changes, the patient developed pulmonary congestion, pneumonia, atrial fibrillation, dysphagia (Gohel et tation, and marked cerebral disorientation and confusion. Obviously, we were faced with the probability of a paralysed patient, a dead patient, or both. Approximately 3 weeks from injury, the tongs were discontinued and a halo applied (Fig. 3) . Within I week there was marked improvement in the patient's medical and neurological status. He was up in a wheelchair for the better part of the day and ambulatory in the therapy gym nasium (Fig. 4) . He was discharged to his home, ambulatory within I month in his halo. His cervical spine became stable within 13 weeks following injury, permitting removal of the halo (Fig. 5) . Re-examination 18 months following injury showed remarkable consolidation of his spinal injury (Fig. 6 ). His only permanent neurological deficit consisted of a small area of anaesthesia on the lateral aspect of the right thumb. He is well and active to this day. An incidental benefit of the entire experience was the improvement in his functional cervical alignment as a result of his traumatic osteotomy. This is not recommended as a treatment of choice.
SUMMARY
Twenty-three cases of cervical ankylosis with acute spinal cord injury were treated in the Southwest Regional System for Treatment of Spinal Injury between 1 June 1970 and 31 December 1975. The sub-groups ankylosing spondylitis and degenerative spondylosis share unique characteristics requiring special clinical attention. The sub-group, congenital fusion, had no characteristics at apparent variance with our total spinal cord injury group. The ankylosing spondylitic group presented problems in diagnosis, immobilisation of the fracture and manage ment of medical complications, primarily cardiopulmonary. The basic principle of the clinical management of these elderly people is immobilisation of the fracture and mobilisation of the patient. The halo is the technique of choice for immobilisa tion of the fracture.
The literature does not adequately emphasise the importance of an integrated, intensive programme of respiratory care for these patients. All medical and surgical decisions must consider the extent to which the decisions compromise or complicate respiratory management.
Persons with ankylosed spines, particularly those with ankylosing spondylitis, should be educated in the techniques to prevent fractures of their rigid spines. RESUME Vingt-trois cas d'ankylose cervicale avec blessure aigue au cordon medulaire ont re�u des soins au Systeme Regional du Sud-Ouest pour Ie Traitement des Blessures Spinales pendant la periode ler juin 1970 jusqu'au 31 decembre 1975. Les sous-groupes, spondylite ankylosante et spondylose degenerative partagent des caracteristiques speciales qui exigent un entretien clinique particulier. Le sous-groupe, la fusion congenitale, n'avait pas de caracteristiques en des accord evident avec notre groupe total affiige de blessures au cordon medulaire. Le groupe spondylitique ankylosant a presente des problemes en ce qui concerne la diagnose, l'immobilisation de la fracture, et Ie traitement des complications medicales, principalement cardio-pulmonaires. Le principe fondamental du traitement c1inique de ces gens ages consiste en l'immobilisation de la fracture et la mobilisation du malade. L'appareil aureolaire ('halo') est la technique preferee de l'immobilisation de la fracture.
Les ecrits traitant de ce sujet n'accentuent pas suffisamment l'importance d'un pro gramme integre et intensif des soins des problemes respiratoires de ces malades.
En arrivant it toutes decisions medicales et chirurgicales, il faut considerer it quel point ces decisions compromettent ou compliquent Ie traitement de ces problemes respiratoires.
Les 
